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Temporal Flow Velocity Profile in the Descending 
Aorta in Coarctation 
STEPHEN P. SANDERS, MD, DEBBIE MAcPHERSON, MS, SCOTT B. YEAGER, MD 
Boston. Massachusetts 
The temporal blood flow velocity profile in the descend•
ing aorta at the diaphragm was investigated using pulsed 
Doppler echocardiography in patients with documented 
coarctation ofthe aorta and in control patients. The ratio 
of peak systolic to peak diastolic frequency shift, an 
angle-independent index of pulsatility derived from the 
Doppler curve, proved to be an excellent indicator of 
aortic arch obstruction in the absence of a patent ductus 
arteriosus. Control groups included patients with a sys•
temic right ventricle, systemic ventricular dysfunction 
and aortic stenosis, to determine if these conditions would 
confound the test. None of these factors were found to 
influence significantly the frequency shift ratio. 
The diagnosis of coarctation of the aorta by two-dimensional 
echocardiography remains problematic. The ability to image 
the aortic isthmus is variable, being most limited in older 
children and young adults. Further. Smallhom et al. (I) 
showed that even with excellent visualization of the aortic 
isthmus, the size of the isthmus does not consistently dis•
criminate between patients with and without coarctation. 
Although in many instances the direct applicatIOn of Doppler 
echocardiography may permit the detection of a pressure 
gradient across the site of coarctation (2). the limitations 
noted for two-dimensional imaging also apply to Doppler 
examination. The normal range for peak velOCity and the 
maximal increase in velocity across the aortic isthmus that 
may be observed in the absence of coarctation have not been 
adequately defined. 
CoarctatIOn of the aorta dampens transmission of the 
arterial pressure and flow pulse to the descending aorta, as 
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However, the Doppler curves in six patients with in•
terrupted aortic arch or severe coarctation, whose de•
scending aorta was supplied by way of a large patent 
ductus arteriosus, were similar to those seen in control 
patients. Two indexes of wave transmission velocity, the 
rate of acceleration and the time to peak velocity, dis•
criminated less effectively between patients with coarc•
tation and the control patients, particularly those with 
aortic stenosis, After surgery for coarctation, the Dop•
pler indexes and contour of the Doppler curve discrim•
inated completely between patients with and without re•
sidual coarctation. 
(J Am Coll CardioI1986;7:603-9) 
manifested by diminished and delayed lower limb pulses. 
Therefore, on the basis of experience in patients with ar•
teriosclerotic vascular disease, indexes of pulsatility (3-5) 
or of pulse wave transmission velocity (6) in the descending 
aorta would be expected to discriminate between patients 
with and without coarctation. In fact, a complex function 
of acceleration time and rate of acceleration has been pro•
posed as an indicator of arch obstruction (7). 
Other conditions, such as systemic ventricular dysfunc•
tion (8,9) or aortic stenosis (10,11), might also produce 
abnormalities of Doppler indexes of pulsatility or pulse 
transmission velocity. On the other hand, a large patent 
ductus arteriosus connecting with the aorta distal to the 
coarctation would be likely to mask any abnormalities of 
pulsatility or wave transmission velocity produced by the 
coarctation. These lesions are common concomitants of 
coarctation or may occur in patients in whom coarctation is 
considered in the differential diagnosis. 
Therefore, we investigated the temporal blood flow ve•
locity profile in the descending aorta at the diaphragm in 
patient~ with documented coarctation of the aorta and in 
several groups of patients with conditions that might mimic 
or mask the effects of coarctation on pulsatility and pulse 
wave transmission velocity. Further. we examined the effect 
of surgical repair of coarctation on pulsatility and trans•
mission velocity in a group of postoperative patients. 
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Methods 
Study patients. We reviewed the files of the echocardi•
ography laboratory, the catheterization laboratory and the 
department of cardiovascular surgery for a 2 year period to 
identify all patients with coarctation of the aorta who had 
undergone a Doppler examination and in whom the diag•
nosis of coarctation was verified by cardiac catheterization 
or anatomic observation (surgical or postmortem), or both. 
Patients with hypoplastic left heart syndrome (aortic atresia) 
and coarctation were not included because the coarctation 
is proximal to the junction of the ductus arteriosus and the 
descending aorta and would not be expected to affect the 
Table 1. Cardiac Diagnosis for the Patients in This Study by Group* 
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flow pattern in the descending aorta. Three groups of pa•
tients with coarctation of the aorta and four control groups 
of patients without coarctation were studied. Their cardiac 
diagnoses are shown in Table 1. 
Groups I and II: Group I comprised 30 patients with 
coarctation of the aorta who had not undergone surgery for 
that lesion. Their ages ranged from 1 day to 23 years (mean 
3.4 years). Nine patients with coarctation of the aorta who 
had undergone surgery to repair the coarctation constituted 
Group II. Their ages ranged from 2 months to 31 years 
(mean 11.6 years). Five of the nine patients (Group IIA) 
had residual coarctation and four patients (Group lIB) did 
not, as demonstrated at cardiac catheterization. No patient 
Pallents WIth Coarctation Control Pallenb 
DIagnosis II III IV V VI VII 
Isolated coarctation 22 5 
Atnal ,eptal defect 
Parllally anomalous pulmonary venous connectIOn 
Common atrioventncular canal 2 
Ventncular septal defect 2 2 4 
Eb,tem's anomaly 
MItral ,tehosls I 
Double outlet nght vehtncle 3 
Tetralogy of Fallot 4 
TransposItIOn of great arteries [S.D,D] 3 
Pulmonary atresia/intact mterventricular septum 
TrIcuspid atresia wIth transposition [S,D.D] 
Absent nght pulmonary artery 
Smgle left ventncle [S,L.L] 
Patent ductu, arteriosu, t 
Double outlet rIght ventrIcle wIth hypoplastic left ventricle 3 
Pe"lstent fetal Clrculallon 4 
AortIC steno'IS 6 
Interrupted aortIC arch 3 
SIP subaortlc steno,ls (no residual) 
Hypopla'llc left heart, SIP palliation 3 
TransposItIon [S,D.D], SIP Senmng repaIr 5 
Double outlet right ventncle, SIP Senmng repair 
SIP common atrioventricular canal 2 
SIP truncu, arteriosus communis 
SIP common atrium 
Tncuspid atresia, SIP Fontan repaIr 2 
SIP ventricular septal defect 
Tran,positlOn [S,D.D], SIP arterial ,witch 
SIP tetralogy of Fallot repair 
MyocardItis 4 
Anthracycline cardiotoxicity 2 
Anomalous origin of left coronary artery from pulmonary artery 
Thalassemia heart disease 
Severe mitral regurgitatIOn. SIP valve replacement 
MIxed connectIve tissue disease wIth dIlated cardIomyopathy 
Cardiomyopathy. etiology unknown 
Totab 30 9 6 30 15 II 6 
*The diagnosis (other than Isolated coarctation and mterrupted aortic arch) for patients in Groups I to III IS in addition to coarctatIOn. tAll SIX patients 
in Group III had a large patent ductus arteriosus in addition to the leSIOns shown here. [S,D,D] == atrial ,Itus solitus, d-ventricular loop, d-malpositlOn 
of aorta; [S,L.L] == atrial SItuS solttus, I-ventricular loop, I-malpOSItIOn of aorta; SIP == status post. 
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in Groups I and II had a patent ductus arteriosus, as dem•
onstrated by angiography or surgical or pathologic observation. 
Group Ill: This group comprised three patients with in•
terrupted aortic arch and three patients with severe coarc•
tation whose descending aorta was supplied by a large patent 
ductus arteriosus as shown by right ventricular or pulmonary 
angiogram. Their ages ranged from I day to 2 weeks (mean 
3 days). 
Control patients. The patients in the following control 
groups were demonstrated at cardiac catheterization to have 
no obstructive lesion of the aortic arch. 
Group IV: 30 patients with various types of congenital 
heart defects and a normally functioning systemic left ven•
tricle (M-mode echocardiographic shortening fraction ~ 30%). 
Their ages ranged from 1 day to 19'/2 years (mean 3.5 
years). 
Group V: 15 patients with systemic right ventricle. Their 
ages ranged from 1 day to 7'/2 years (mean 1.3 years). 
Group VI: II patients with congestive cardiomyopathy 
(M-mode echocardiographic shortening fraction 9 to 22%). 
Their ages ranged from 8 months to 21 years (mean 8.9 
years). 
Group VII: 6 patients with valvular aortic stenosis (40 
to 100 mm Hg peak systolic ejection gradient). Their ages 
ranged from 1 month to 23 years (mean 12.6 years). 
Doppler echocardiograpby. Doppler echocardiograph•
ic examinations were performed with an A TL Mark 600 
system or a Diasonics Cardiovue 100. The transmitted fre•
quency used for Doppler echocardiography was 2.25 or 3.0 
MHz and the pulse repetition frequency was automatically 
maximized for the range. A 100 Hz high-pass filter was 
used to reduce baseline noise. Use of a higher cutoff fre•
quency resulted in loss of part of the Doppler signal during 
diastole. 
Using a parasagittal view of the abdomen that displayed 
the descending aorta in long axis, the Doppler sample vol•
ume was placed in the descending aorta near the diaphragm 
(Fig. I). We attempted to maintain an angle (8) of 45 to 
60° between the Doppler cursor and the descending aorta. 
With the sample volume in position, Doppler curves were 
recorded for 5 to 10 cardiac cycles. The position of the 
sample volume was checked at the end of the recording. If 
the patient moved during the examination, causing signif•
icant alteration of the incident angle, the sample volume 
was repositioned and the procedure repeated. Sedation with 
chloral hydrate was used when necessary. 
Doppler curve analysis. Using a Diasonics Cardiorevue 
Center the following indexes were derived from the Doppler 
curves (Fig. 2): 
1) Peak systolic to peak diastolic frequency shift ratio: 
The peak systolic frequency shift was measured at the first 
anterograde frequency peak after the onset of the Q wave 
of the electrocardiogram. Peak diastolic frequency shift was 
measured as the highest anterograde frequency shift after 
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Figure 1. Subxlphoid two-dimensional echocardiographic view 
used to position the Doppler cur~or In the de~cending aorta (Dsc 
Ao). The Doppler angle (8) was mea~ured using a protractor. 
the downslope of the initial systolic portion of the Doppler 
curve. This index could not be derived in patients with 
continuous retrograde flow or no detectable flow during 
diastole. 
2) Time to peak velocity was measured as the time in•
terval between the onset of the systolic anterograde flow 
signal and the peak systolic frequency shift. 
3) The rate of acceleration was calculated as the average 
rate of rise of the upstroke of the Doppler curve from the 
Figure 2. Normal Doppler curve in the descending aorta to il•
lustrate measurements. Anterograde flow signal (toward the trans•
ducer) is shown below the baseline. C = peak systolic Doppler 
frequency shift; fd = peak anterograde diastolic frequency shift; 
Ur., = time to peak velocity. 
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onset of the systolic anterograde flow signal to the peak 
systolic frequency shift. In other words, rate of acceleration 
is equal to peak systolic frequency shift divided by time to 
peak velocity. 
The peak systolic frequency shifts measured using the 
2.25 MHz transducer were multiplied by a constant (I. 33 
= 3.012.25) to adjust the frequency shifts to those that 
would have been produced by a 3.0 MHz transducer. Be•
cause the range of Doppler angles was small, the rate of 
acceleration was not adjusted for the Doppler angle. The 
angle between the Doppler cursor and the descending aorta 
was measured using a protractor. 
Cardiac catheterization. The procedure was performed 
after sedation with chloral hydrate or a mixture of meper•
idine, chlorpromazine and promethazine. Pressures were 
measured using a fluid-filled catheter system. The diagnosis 
of coarctation of the aorta was based on either a measured 
pressure difference of 20 mm Hg or greater between the 
ascending and descending aorta or an angiogram demon•
strating the typical findings of coarctation. 
Statistical analysis. The significance of differences be•
tween means was determined using the modified Bonferroni 
test for multiple comparisons (12). The correlation coeffi•
cient was used to assess the relation between the three Dop•
pler indexes and the age of the patient and the incident angle 
between the Doppler cursor and the descending aorta. A 
probability (p) value of 0.05 or less was considered statis•
tically significant. 
Results 
Contour of Doppler curve. Among the control groups 
(IV to VII), three temporal flow patterns were observed in 
the descending aorta. Most commonly, a large anterograde 
frequency peak was noted during systole, followed by a low 
frequency retrograde peak in early diastole, followed in tum 
by a low frequency anterograde hump in late diastole (Fig. 
3A). This pattern was seen in 49 of the 62 control patients. 
A second pattern consisted of a large systolic anterograde 
frequency peak followed by a continuous low frequency 
retrograde flow signal throughout diastole (Fig. 3B). This 
pattern was seen in 6 of 62 control patients, most commonly 
in association with arterial level systemic to pulmonary shunts. 
The third pattern consisted of an anterograde flow signal 
in systole only, with no detectable forward or reverse flow 
in diastole (Fig. 3C). This last pattern was seen in 7 of the 
62 control patients, mostly in infants less than 2 months of 
age. 
In all patients with unrepaired coarctation (without pat•
ent ductus arteriosus) and residual coarctation (Groups I 
and IlA), a continuous anterograde flow signal was detected 
in the descending aorta (Fig. 3D). While there was generally 
a clear demarcation between systole and diastole, flow re•
versal or cessation was never seen. The flow pattern seen 
Ii-- -
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Figure 3. Doppler flow patterns seen in the descending aorta. A 
to C. Patterns seen in control patients, patients with successfully 
repaired coarctation and those in whom a patent ductus arteriosus 
supplied the descending aorta. D, Typical pattern seen in patients 
with coarctation but without a patent ductus artenosus. 
in patients with repaired coarctation without residual coarc•
tation (Group lIB) was similar to the first pattern described 
for control patients (Fig. 3A). Half of the patients with 
severe coarctation or arch interruption, whose descending 
aorta was supplied by a patent ductus arteriosus (Group III), 
exhibited the first pattern and half the second pattern de•
scribed for control patients (Fig. 3A and B, respectively). 
Frequency shift ratio. The mean frequency shift ratio 
did not differ significantly among the four control groups 
(Groups IV to VII). Similarly. the mean frequency shift 
ratio for patients with unrepaired or residual coarctation 
(Groups I and IIA) did not differ significantly. 
The composite mean frequency shift ratio for patients 
with coarctation and no ductus (Groups I and IlA) was 
significantly lower compared with the composite mean fre•
quency shift ratio for the control groups (IV to VII) (Fig. 
4A). The mean frequency shift ratio for patients with suc•
cessfully repaired coarctation (Group lIB) and patients with 
arch obstruction with a ductus arteriosus (Group III) did not 
differ significantly from the composite mean for the control 
groups (IV to VII), but was significantly higher than the 
JACC Vol 7. No 3 
March 1986 603-Y 
~P 001 __ P_Ol01 
P DOli 
15 
10 
5 
: I. 
: f 
II-A II-B III 
& 
• 
· · -• · • 
IV 
A GROUP 
.394 
• 214 P 001 · 164ffp, 001
1 • p- 001, I 
to • 
. 15 • • s 
t • • • • • 
'I • 
.10 • 
• • • • 
• • 
! 
::J 
• 
• 
1 t J 
.05 
f 
· • · · • 
• .. • • · 
II-A II-B III IV 
C GROUP 
V VI VII 
I I I 
• 
· • • 
• 
• · · • · I 1 i 
• • • • • 
• • .. • • 
V VI VII 
composite mean for patients with a coarctation and no ductus 
(Groups I and IIA). 
Among the control patients (Groups IV to VII), the fre•
quency shift ratio did not correlate significantly with the age 
of the patient (r = -0.12, P > 0.05) or with the incident 
angle between the Doppler cursor and the descending aorta 
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Figure 4. Dlstribution~ of frequency shift ratio (fs/fd) (A), ac•
celeration rate (Sr,) (B) and time to peak velocity (Ur_,) (e) for 
Group~ I to VII. Bars indicate mean ± I SD. Only statistically 
significant comparisons are shown. See text for details . 
(r = 0.08, P > 0.05). However, the frequency shift ratio 
for patients with coarctation and no ductus (Groups I and 
HA) did correlate significantly with the age of the patient 
(r = -0.43,0.05 > P > 0.0\), but not with the incident 
angle (r = 0.10, P > 0.05). 
Pulse transmission velocity indexes. The mean rate of 
acceleration did not differ significantly among the control 
groups (IV and VI) except for patients with aortic stenosis 
(Group VII), in whom the rate of acceleration was signif•
icantly lower than the composite mean for the other control 
patients (Groups IV to VI) (Fig. 4B). The mean time to 
peak velocity did not differ significantly among control Groups 
IV through VII (Fig. 4C). 
The mean rate of acceleration for patients with coarc•
tation and no ductus (Groups I and IIA) was significantly 
lower. and the mean time to peak velocity significantly 
longer, than the composite mean for control patients and 
those with aortic stenosis. The mean rate of acceleration 
and time to peak velocity for patients with successfully 
repaired coarctation or arch obstruction with a ductus (Groups 
lIB and III) were not significantly different from the com•
posite mean for control patients (Groups IV to VII), but did 
differ significantly from the composite mean for patients 
with a coarctation and no ductus (Groups I and IIA) (Fig. 
4B and C). 
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Neither the rate of acceleration nor time to peak velocity 
correlated significantly with age of the patient (rate of ac•
celeration, r = 0.16, P > 0.05; time to peak velocity. r = 
0.09, P > 0.05) or with the incident angle (rate of accel•
eration, r = 0.0 I, P > 0.05; time to peak velocity. r = 
-0.13, P > 0.05). Similarly, for patients with coarctation 
and no ductus (Groups I and HA) no significant correlation 
was found between the rate of acceleration or time to peak 
velocity and age of the patient (rate of acceleration. r = 
0.22, P > 0.05; time to peak velocity, r = -0.20, P > 
0.05) or incident angle (time to peak velocity, r = 0.11, 
P > 0.05; rate of acceleration, r = 0.17, P > 0.05). 
Discussion 
Pulsatility index. Of the three Doppler indexes tested, 
the frequency shift ratio was the best indicator of arch ob•
struction. This ratio reflects pulsatility of flow, or the vari•
ation in velocity over the cardiac cycle, rather than velocity 
of wave generation or transmission. Previous investigators 
(4) have operationally defined pulsatility as the peak velocity 
divided by the mean velocity. Because mean velocity is 
difficult to calculate, we used the diastolic velocity instead. 
Diminished pulsatility is more characteristic of coarctation 
than of the potentially confounding conditions such as aortic 
stenosis or systemic ventricular dysfunction. Although the 
pulse volume may be diminished in these conditions, pul•
satility is less affected. In coarctation, the ascending aorta 
may be thought of as a capacitor that charges during systole 
and then discharges into the descending aorta during dias•
tole. Not only is the systolic flow velocity decreased, but 
also the diastolic flow velocity is augmented, due to flow 
from the ascending aorta through collateral vessels. In fact, 
the negative correlation between frequency shift ratio and 
age is probably due to progressive development of collateral 
flow. Although the frequency shift ratio could not be derived 
in some control patients because of continuous retrograde 
flow or no flow in diastole, these patients could be distin•
guished from those with coarctation on the basis of flow 
pattern alone. Retrograde flow or cessation of flow was 
never seen in patients with coarctation in the absence of a 
patent ductus arteriosus. 
Transmission velocity indexes. The rate of flow ac•
celeration and the time to peak velocity, however, are af•
fected by conditions seen in our morbid control patients. 
Aortic stenosis increases the upstroke time and decreases 
the rate of rise of both the pressure and flow pulse, in 
proportion to the severity of stenosis (II, 13). Left ventric•
ular dysfunction decreases the rate of rise of ejection velocity 
in the ascending aorta (7.8). Thus, it is not surprising that 
overlap was noted for these indexes between the groups 
with ventricular dysfunction or aortic stenosis and those with 
coarctation. 
JACe Vol 7. No 3 
March 1986 603-9 
Patent ductus arteriosus. A large patent ductus arte•
riosus with right to left shunting masks the effects of coarc•
tation on the pattern of flow in the descending aorta. Neither 
the contour of the Doppler curve nor any of the three indexes 
that could be derived were useful for identifying patients 
with arch interruption or coarctation when the descending 
aorta was supplied by way of a large patent ductus arteri•
osus. Therefore. a normal flow velocity pattern in the de•
scending aorta should not be considered incompatible with 
coarctation unless a large patent ductus arteriosus can def•
initely be ruled out. 
Clinical application. Doppler echocardiography has been 
shown to be of some value in directly assessing the mag•
nitude of the gradient across the coarctation (2). However, 
the angle between the direction of flow through the coarc•
tation and the Doppler cursor, achieved by using a supra•
sternal notch or high parasternal transducer position, may 
vary from patient to patient. A large angle would tend to 
reduce the peak velocity measured and might mislead the 
examiner. Further, in a tachypneic infant, it may be ex•
tremely difficult to maintain a steady enough transducer 
position to obtain adequate Doppler curves from the coarc•
tation jet. 
We have found the flow pattern in the descending aorta 
to be particularly useful in patients whose findings on the 
two-dimensional echocardiogram are equivocal or whose 
isthmus area cannot be adequately imaged. As with many 
other tests, a positive finding is useful but a negative result 
(that is, a normal flow pattern) must be interpreted with 
caution. The potentially confounding effects of a large duc•
tus arteriosus supplying the descending aorta must always 
be kept in mind. 
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